The swelling behavior of hydroxyethyl cellulose-acrylamide hydrogels at different pH and temperatures was studied. The absorption increased for the first 12 hours and then decreased. Several hydroxyethyl cellulose-acrylamide ratios were studied. Increasing hydroxyethyl cellulose amount decreased swelling, indicating that swelling was affected by increase in crosslinking. Three different levels of crosslinking agent were studied. Hydrogels exhibited a thermal and pH sensitive behaviour. Highest swelling capacity was found at pH 7.0 and 30 ºC. All samples were characterized by means of infrared spectroscopy (FTIR). Characteristic absorbance peaks for both materials were found, showing the presence of hydroxyethyl cellulose and acrylamide on hydrogel.
Introduction
The name hydrogel is used to describe a crosslinked polymeric structure, which, when exposed to a liquid experiment swells, remains insoluble and keeps its original form because of intermolecular, dispersive and cohesive forces balance. These materials possess hydrophilic character due the presence of groups with an affinity to water (-OH, -COOH, -CONH 2 , -CONH, -SO 3 H). The network existence makes them insoluble in water and its softness and elasticity are associated with hydrophilicity of monomers and crosslinking density.
Hydrogels have been applied in the areas of medicine, bioengineering, pharmaceuticals and agriculture. There exists interest in these areas for materials with liberation capacity of active substances in an efficient way [1] .
Hydrogels have interesting properties such as absorption capacity, swelling kinetics, permeability to dissolve solutes as well as superficial properties of adhesivity, and other mechanical and optic characteristics. However, the most important characteristic of hydrogels is capacity to swell, since other properties are directly affected by this characteristic [2] .
Hydrogels are materials that respond to environmental modification. Such as its volume (swelling degree) due to this. Hydrogels possess properties of being actuating, intelligent or sensible gels. It has been demonstrated that they can be sensitive to environmental modifications related to temperature, pH, electric field, solvent type, light intensity and wavelength, pressure, ionic force and ion type [3] .
Another interesting characteristic of hydrogel is its ability to change volume which may vary from a gradual change (continue) to an abrupt change (discontinue). In addition, these changes are reversible.
Polyacrylamide is a synthetic polymer, when crosslinked preserve its hydrophilic nature and can absorb a high water amount and increase its volume. An important advantage of acrylamide based hydrogels is that they are chemically inert, transparent and stable on a wide range of pH, temperature and ionic force. Recent studies on polyacrylamide hydrogels show that they have suitable mechanical and physical properties such as tension resistance, adequate elongation, as well as a more acceptable swelling capacity [4] .
On the other hand, most cellulose derivatives have stiffness, do not swell and some are soluble in water. Some of them have interesting industrial applications as thinking agents, flow control agents, colloid protectors and water agglutinants. The cellulose ethers are characterized to form solutions with high viscosity, due its chemical nature of degree of substitution (DS), molecular substitution (MS), purity, rheological properties, solubility and compatibility. Cellulose ethers must have a DS between 0.4 and 2.0 to be water soluble, depending on substitute chemical and physical nature [5] .
For this work, hydroxyethyl cellulose (HEC) was used, due to its hydroxyethyl groups on positions 2,3 and 6 of anhydroglucose unit (AGU), to interpose when polymer attempt to crystallize, as it is water soluble if not crystallized.
Based on that, this work describe the synthesize of polymeric hydrogels using hydroxyethyl cellulose (HEC) and acrylamide (AAm), on aqueous solution at 80 °C, using hydrochloric acid (HCl) and potassium persulfate (KPS) as initiators; glutaraldehyde (GA) and N,N'-methylene bisacrylamide (MB) as crosslinking agents.
Swelling behavior was studied at different pH and temperatures in order to observe the increasing water content. Hydrogels also were characterized by means of differential scanning calorimetry (DSC), dynamic mechanical analysis (DMA), fourier transformed infrared spectroscopy (FTIR) and scanning electron microscopy (SEM).
Results and discussion

Synthesis of hydrogels HEC/AAm
Samples were prepared varying HEC/AAm ratio, catalyst, and initiator; crosslinker agents were also varied at 3 levels, and concentrations were taken from elsewhere [6] .
All films showed transparency, uniform surface, homogeneity, and flexibility, which was determinated by hand. It was found that flexibility increased when HEC concentration was increased in the formulae.
The amount of absorbed solution was reversible and dependent on polymer constituents' hydrophilicity and conditions [7] . Figure 1 shows swelling results of hydrogels as function of ratio HEC/AAm with 1.0% of catalyst, initiator and crosslinking agent, on pH=7 and 30 °C. It can be observed that the swelling degree is higher when AAm increased in hydrogel due to the strong hydrophilic character provided by AAm. The highest swelling degree was obtained with ratio 50/50 (1011%), and remaining samples had a similar behavior, when AAm content in hydrogel decreased; amount of solution absorbed decreased.
Another interesting aspect was the absorption time. In general, within the first 12 hours, hydrogel showed the highest swelling which was expected. This is because the free sites where water molecules attach to hydrogel diminish. And it reaches its equilibrium point at this time. It was observed that, under these conditions, the behavior is similar to that observed in acidic medium. That is 50/50 ratio has the highest swelling percentage. Also, it was observed that in comparison with acidic medium, in neutral, the hydrogel absorbs a slightly higher amount. The best absorption was obtained with a low initiator and crosslinking agent. Also a slightly basic medium (pH=10) was studied, at 30 °C. Figure 4 shows the effect of HEC/AAm on swelling percentage of hydrogels. The highest swelling value was obtained by 50/50 HEC/AAm ratio. The tendency of high hydrophilic material remains to be high swelling at different pH and initiator and crosslinking agent concentration.
Accordingly, it might be observed that the hydrogel swelling behavior increases with AAm increase in formulation; this is attributed to highly hydrophilic character provided by AAm. Variations were observed that may be a due to HEC causing a steric hindrance around NH group of Am, blocking association of electronic pair of free NH group with OH group of water that can form a Hydrogen bond necessary for swelling.
The effect of the crosslinking agent on swelling behavior can be observed also in Figures 2, 3 and 4 . Swelling decreases when the crosslinking agent is increased. This behavior was expected. Otherwise, a high crosslinking agent is indicative of high crosslinked points which originate in short section of chains between nudes. This causes hydrogel to lose flexibility resulting in low swelling percentage. Figure 5 shows pH effect on swelling. The highest swelling percentage was obtained in neutral pH to each HEC/AAm ratio (up to 1000%), and the lowest was basic medium (below 800%). In acidic medium, the ionizable groups (NH+, OH+) are ionized provoking close charges to attach each other causing the hydrogels to exhibit a lower swelling. Otherwise, in basic medium the decreasing is caused because of the low -OH groups concentration present, which can be attached to network. According to this, HEC/AAm hydrogel is a pH sensitive material due its structure; the present ionizable groups like -NH + 2 , shows volume changes in response to pH medium. When pH medium is varied from neutral to basic or acidic, hydrogel experiments a lower swelling percentage. This is because there is an optimum amount of -OH groups present, to form hydrogen bonding with cationic -NH + 2 . This behavior is interesting for applications of materials.
On reference of temperature effect, pH 7 was taken to study the temperature effect on swelling behavior of HEC/AAm hydrogels. Figure 6 shows the effect of temperature on swelling behavior of hydrogels with 0.5% of initiator and crosslinking agents. In general, the tendency to swell decrease as temperature increase, but samples 80/20 and 90/10 (high HEC concentration), do not show this behavior. A reason to this is HEC is bonded to a hydrophilic material such as PAAm, which provoke these materials to collapse or change its hydrophilic nature when temperature increase as result of diminution of hydrogel low critical swelling temperature (LCST). Shunsuke et al [8] , Otake et al [9] found the volume change on thermosensible hydrogels is characterized by LCST of polymer chains, and established that polymer LCST can be higher or lower copolymerizating with hydrophilic monomers. In essence, some polymers with appropriate composition and crosslinked density can reach high swelling values in water and room temperature and collapse at LCST. Besides, there exists some hydrogels that show hydrophilic nature below its LCST and hydrophobic nature above and have been useful in applications in cellular cultivation [10, 11] .
According to these results, HEC/AAm hydrogels showed to be temperature sensible, and above 30 °C, polymeric material present a chain contraction, which provoke a diminution of pore size and consequently of swelling percentage. Figure 7 shows IR spectrum of 50/50 HEC/AAm ratio with 1.5% of initiator and crosslinking agent. Characteristic peaks at 3433cm-1 might be observed, due to stretching of NH group present in AAm at 596 cm -1 (the presence of a signal is indicative of amine group without substitution), at 1615cm-1 for a totally substituted amide group due to amide group NH 2 present in the system, made the substitution of available hydrogen to crosslink with glutaraldehyde (GA). Peaks at 3151 and 1315 cm -1 are from stretching and vibration of CH 2 group; besides a peak at 780cm -1 indicative of balancing of CH 2 group, and at 1062cm -1 a flexion of OH group, both the last are attributed to cellulose derivative; presence of GA was verified with vibrations at 1400cm -1 characteristic of aldehydes. This indicated that hydrogel was composed of HEC and AAm segments. 
Conclusions
It is possible obtain hydrogels from HEC and AAm. Capacity to swell of hydrogel is highest in first 12 hours. Since the swelling process is governed by water diffusion through hydrogel which allow a high water absorption in short times while in long times hydrogel try to reach an equilibrium state giving less water absorption.
Results showed that swelling decrease as HEC amount increase in hydrogel, due to the presence of cellulose derivative that generate a steric hindrance, around NH group of AAm, hindering association of hydrophilic electronic pair, with water molecules in the medium.
HEC/AAm hydrogels are materials that experience a volume change as response to pH medium change. This behavior is because they contain ionizables groups like NH+2 bonded to its structure. These kinds of groups are responsible for reaching highest swelling; also groups like N+ and NH+. In neutral mediums, the higher swelling values were obtained, followed by slightly acidic medium.
Hydrogels also are temperature sensible, since swelling capacity decrease according to temperature increase obtaining the maximum swelling at 30 °C. This behavior is due to the existence of chain contraction resulting in a pore network diminution, curbing the hydrogen bonding formation with water. Since hydrogel is formed by a hydrophilic polymer as AAm, when the hydrophilic material increase in formulation, the LCST which is around 30 °C is decreased By means of FTIR, HEC and AAm presence was confirmed by different functional groups of both materials.
Experimental
Hydroxyethyl cellulose (M s = 2.0, M w = 250000, D s =1.0), acrylamide (97% purity) were purchased from Aldrich and used as received. Chloride acid as catalyst (J.T. Baker), potassium persulfate as initiator (Fischer-Chemical) glutaraldehyde as crosslinker agentin (25% solution, density 1.059), N.N methylene bisacrylamide (NMBA) were used as received and distilled water was used as solvent.
The Hydrogel synthesis was carried out in a 100 ml glass reactor. Hydroxyethyl cellulose and acrylamide was added to an aqueous polymeric solution (5 wt%) holding at 80 °C with magnetic stirring for 30 min. In addition to this, clorhydric acid (catalyst), potassium persulfate (initiator), glutaraldehyde and N,N methylene bisacrylamide (crosslinker agents) were added to polymeric solution and continued the reaction for 2 hours. Table 1 shows variables of initiator and materials ratio used. After reaction, polymeric solution was poured on a plastic plate and let 72 hours to cure in an oven at 40 °C. The capacity to swell of hydrogels is the most important property of this kind of materials. This parameter was determined by conventional gravimetric method, taking the swelling and dry weights of hydrogel, using the next equation:
WC = [(WD -WS) /WS] *100
where W C = absorbed water per gram of hydrogel film, W S , W D = dry and swelling weight of hydrogel film, respectively.
The swelling behavior was studied on different pH solutions (4, 7 and 10), to evaluate the effect of this variable, also three temperatures were studied (30, 40 and 50 °C). Hydrogels were analyzed by means infrared spectroscopy.
